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Objectives: Provoked compression of the popliteaI artery by active plantar flexion of the foot is still mainstay in the 
assessment of the popliteal artery entrapment syndrome. In this study, the effects of several provocation manoeuvres ofthe 
foot on the flow patterns of the popliteal arteries of normal healthy volunteers were evaluated. 
Design: Experimental study among healthy volunteers in a vascular laboratory. 
Materials and methods: The popliteat artery of 16 healthy volunteers was studied with Duplex scanning in rest and 
during active and passive plantar and dorsal flexion of the foot. 
Results: Active plantar flexion was the only movement that influenced popliteal artery flow patterns. Changes were found 
in 27 arteries (85%), consisting of either a complete occlusion (n = 19, 59%), a significant lumen reduction (n = 4, 13%) 
or a low flow state (n=4, 13%). 
Conclusion: Compression ofthe popliteal artery by active plantar flexion of the foot is a physiologic phenomenon a d its 
value in the assessment ofpatients uspected of the popliteal artery entrapment syndrome is limited. 
Key Words: Popliteal artery entrapment syndrome; Duplex scanning; Colour Duplex ultrasonographic imaging; Arterial 
compression; Provocation manoeuvres. 
Introduction 
Historically, arteriography has been the mainstay in 
the diagnosis of vascular disease. In the case of the 
popliteal artery entrapment syndrome, arteriography 
with the foot in a neutral position is compared with 
arteriography during active plantar flexion of the foot. 
Without this provocation manoeuvre, the appearance 
of the popliteal artery may be entirely normal, 
whereas active plantar flexion of the foot causes 
compression of the artery in the popliteal fossa. 
More recently Duplex scanning has been advocated 
as a routine investigation for patients in whom 
popliteal artery entrapment syndrome is suspected. 1"2 
Duplex has the advantage of being non-invasive, 
rapid and highly informative about the arterial func- 
tion. By analogy with dynamic arteriography, Duplex 
scanning can be performed with the foot in a neutral 
position and with provocation manoeuvres. 
Compression of the artery during active plantar 
flexion is considered to be diagnostic evidence for 
popliteal artery entrapment and surgical release of the 
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artery will be performed. 3'4 However, surgical 
exploration has not always revealed arterial entrap- 
ment. 5'6 Therefore, the value of this diagnostic provo- 
cation manouevre can be put into question. We used 
colour Duplex ultrasonographic imaging to establish 
the effect of active and passive foot movements on 
popliteal artery flow patterns in healthy subjects. 
Material and Methods 
Sixteen healthy volunteers, without lower extremity 
complaints were selected. Eight subjects were semi- 
professional male rowers. The other subjects were 
volunteers of comparable age without intensive phys- 
ical training. Male:female ratio was 3:1. Mean age was 
25 (20-27) years. 
Each subject was placed on a couch in the prone 
position. The examined leg was kept in a neutral 
position with a small pillow under the ankle joint. The 
feet hung over the edge of the table, which ensured 
they could move freely. The knee was in a 15% flexed 
position and the ankle in a slight plantar flexion of 
10% (Fig. 1). 
In this neutral position, a Duplex scan was made of 
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Fig. 1. Position of subjects during Duplex scanning 
the popliteal artery to exclude stenotic disease and/or  
to detect anatomic varieties of its course and its side 
branches. The artery was examined from its appear- 
ance at Hunters' canal down to the anterior tibial 
artery and the proximal tibiofibular trunk. 
Once stenotic disease had been excluded, flow 
velocity patterns were recorded at rest and during foot 
movements. Measurements were performed at three 
levels: 5 cm above the knee joint (proximal), at the 
level of the knee joint and i cm proximal to the origin 
of the anterior tibial artery (distal). With the Duplex 
probe in a fixed position, measurements were made 
with the foot in a neutral position, with passive dorsal 
flexion and with passive plantar flexion. The passive 
foot movements were performed by a second inves- 
tigator. FinallN to perform dynamic Duplex scanning, 
the subject was requested actively to flex his foot 
dorsal and subsequently plantar. To ensure maximal 
muscle action, a second investigator gave counter 
pressure during these manoeuvres. 
Colour Duplex scannings were performed with 
an ATL Ultramark HDI (Bothel, U.S.A.). All scans 
were made by R.L., being an experienced vasculary 
laboratory technician. 
Results 
The popliteal artery could easily be investigated in all 
subjects and stenotic disease was excluded. One 
subject had an aberrant anterior tibial artery, with its 
origin above knee joint level. 
The median peak systolic velocity (PSV) of 32 
investigated popliteal arteries in neutral position and 
with provocation manoeuvres i shown in Table 1. In 
neutral position a normal triphasic flow pattern was 
seen in all investigated arteries. Median PSV 
decreased from 100 cm/s (45-145) in the proximal 
Table 1. Median peak systolic flow velocities (cm/s) (range) of 32 
popliteal arteries of 16 healthy subjects in neutral position and 
during provocation manouevres 
Median PSV (range) 
Popliteal rtery Neutral Passive Passive Active Active 
dorsal plantar dorsal plantar 
Proximal 100 95 100 95 65 
(45-145) (50-140) (45-140) (60-140)25-140) 
Knee joint 95 95 90 83 40 
(60-160) (50-150) (50-120) (50-150)(15-130) 
Distal 90 90 90 80 * 
(30-120) (45-120) (60-120) (50-200)(0-200) 
* For PSV during active plantar flexion: see Table 2 
PSV = peak systolic velocity. 
segment to 90 cm/s (30-120) in the distal segment of 
the artery. Passive foot movements or active dorsal 
flexion of the foot had no influence on PSV at either 
level in the popliteal artery. 
Active plantar flexion was the only provocation 
manoeuvre that induced changes of PSV. The median 
PSV in the proximal segment of the artery decreased 
to 65 cm/s (25-140); at knee joint level the median PSV 
was 40 cm/s (15-130). However, at both levels a 
detectable flow remained in the artery during plantar 
flexion. 
In the distal segment of the popliteal arter16 1 cm 
above the origin of the anterior tibial artery (in one 
case in the tibiofibular trunk), changes of PSV were 
impressive (Table 2). In 19 investigated legs the flow 
disappeared completely, corresponding with a com- 
plete occlusion at that level. In four other arteries the 
PSV was doubled (compared to neutral position), 
corresponding with a significant lumen reduction. 
With real-time cho, a compression of the artery could 
be seen. In another four cases a low flow state was 
found in the distal popliteal artery (PSV < 40 cm/s), 
indicating a significant stenosis, or occlusion more 
distally. In only five legs PSV remained the same as in 
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Table 2. The effects of active plantar flexion of the foot on the PSV 
in the distal popliteal artery of 16 healthy subjects, eight active 
rowers and eight volunteers without intensive physical training 
PSV in the distal Rowers Other Total (%) 
popliteal rtery volunteers 
PSV = 0 11 8 19 (59) 
PSV ~ 2 x normal 1 3 4 (13) 
PSV < 40 cm/s 2 2 4 (13) 
PSV remains normal 2 3 5 (15) 
PSV -- peak systolic velocity. 
a neutral position without provocation. There was no 
difference between the rowers and the other 
volunteers. 
Discussion 
We used colour Duplex ultrasonographic imaging to 
establish the effect of passive and active foot move- 
ments on the flow patterns of the popliteal artery in 16 
healthy volunteers. Because popliteal artery entrap- 
ment syndrome is frequently detected among young 
and/or athletic subjects, the volunteers were selected 
accordingly. Eight subjects were semi-professional 
rowers with an average weekly training effort of 16 h. 
Eight other subjects were selected from a comparable 
age group but who were not undergoing intensive 
physical training. None of the selected subjects had 
referable symptoms. 
As our results demonstrate, neither passive foot 
movements nor active dorsal flexion of the foot has 
any influence on PSV in the popliteal artery. However, 
during active plantar flexion PSV changed at all levels 
of measurement e.g., proximal in the popliteal artery, 
at knee joint level and distal in the artery. In the more 
proximal course of the artery a flow reduction was 
found during active plantar flexion of the foot. This 
can be explained by a stenosis or occlusion in the 
distal course of the artery. As a consequence, the 
outflow of the artery is reduced to the superior and 
inferior medial and lateral circumflex knee arteries. 
Therefore, direct compression of the artery in its distal 
course by adjacent musculotendineous structures or 
reduction in the outflow seems to account for flow 
reduction. Distally, the changes in popliteal artery 
flow patterns were most prominent. In up to 59% of 
the investigated arteries, flow disappeared uring 
active plantar flexion, corresponding with a complete 
occlusion of the artery. In another 13% PSV was 
doubled, corresponding with a significant lumen 
reduction. Finally, in 13% a low flow state was found, 
indicating a stenosis or occlusion more distally. In only 
15% of the investigated arteries PSV remained com- 
parable with the value found in neutral position. 
The effect of calf muscle contraction on popliteal 
and crural artery flow patterns has been reported 
before. Rignault et aI. s refer to a study among 53 
draftees and 53 athletes. Non-invasive techniques 
(including Doppler of the posterior tibial artery in 
active plantar flexion) were positive in 30% of the 
average group and 50% of the athletes. Contradictory 
to this report, Miles et al. described normal Doppler 
wave forms and ankle pressures after active plantar 
flexion. 6 However, in this study the investigated 
subjects had their knee in a 60 ° flexed position, which 
reduces muscle tension in the popliteal fossa during 
exercise. Turnipseed and Pozniak 7performed Duplex 
scanning in rest and with active plantar flexion in 20 
asymptomatic subjects. They found compression ofthe 
popliteal artery "at the point where the neuro- 
vascular bundle enters the soleal canal". This is at the 
same point where, in our subjects, the artery was 
compressed and the flow disappeared in 59% of cases. 
These results concur with our findings and the figures 
demonstrate hat in healthy subjects, arterial compres- 
sion of the popliteal artery can be provoked by active 
plantar flexion of the foot. This does not lead to 
arterial insufficiency with concomitant symptoms. 
Even complete occlusion of the popliteal artery during 
calf muscle contraction does not lead to symptoms. 
Therefore, it is our opinion that compression of the 
artery in the popliteal fossa by adjacent structures 
during active plantar flexion of the foot is not a 
pathologic finding, but a physiologic phenomenon. 
Computer tomography and nuclear magnetic reso- 
nance are also used in the diagnosis of the popliteal 
artery entrapment syndrome and reveal detailed 
anatomic information of the popliteal fossa. 1°-12 An 
aberrant course of the artery in the popliteal fossa has 
been demonstrated with these techniques. As these 
patients were under suspicion of the popliteal artery 
entrapment syndrome, a direct correlation between 
the course of the artery and the symptoms has been 
made by the investigators. However, as a consequence 
of the changed anatomy in the popliteal fossa, the 
popliteal vein and the sciatic nerve can also be 
involved. Chronic compression of the sciatic nerve can 
also account for symptoms, as has been postulated by 
Turnipseed. 7 However, this is very difficult to demon- 
strate. Release of the nerve during exploration of the 
popliteal fossa may be an explanation for the good 
results of surgery, especially if the course of the artery 
is normal. With this study, we have demonstrated that 
compression of the artery during active plantar flexion 
of the foot is not necessarily associated with symp- 
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toms of calf claudication, since compression of the 
artery occurs in up to 72% of symptom free volunteers 
during active plantar flexion of the foot. Therefore, a 
correlation between provoked arterial compression 
and symptoms cannot be made. 
Many authors stress that the popliteal artery entrap- 
ment syndrome is much more prevalent than cur- 
rently presumed s'9 and the syndrome is diagnosed in 
a growing number of young athletic persons. The 
mainstay of diagnosis is arterial compression during 
active plantar flexion of the foot, which can be 
demonstrated by arteriography or Duplex scanning. 2'3 
This study shows the limitation of this provocation 
test. The diagnosis of popliteal entrapment syndrome 
should not be made on the basis of this provocation 
test alone. 
References 
1 DI MARZO L, CAVALLARO A, SCIACCA V et al. Diagnosis of popliteal 
artery entrapment syndrome: the role of Duplex scanning. J Vasc 
Surg 1991; 13: 434-438. 
2 MAcSWEENEY STR I CUMING R¢ GREENHALGH RI~. Colour Doppler 
ultrasonographic imaging in the diagnosis of the popliteal artery 
entrapment syndrome. Br ] Surg 1994; 81: 822-823. 
3 KADIR S. Popliteal artery entrapment syndrome. In: Kadir S, ed. 
Diagnostic Angiography. W.B. Saunders Company, 1986: 
299-303. 
4 SCHURMANN G, MATTEELDT % HOFMANN W, HOHENBERGER P, 
ALLENBERG JR. The popliteal artery entrapment syndrome: 
presentation, morphology and surgical treatment of13 cases. Cur 
J Vasc Surg 1990; 4: 223-231. 
5 RIGNAULT DE PAILLER JL, LUNEL F. The "functional" popliteal 
artery entrapment syndrome. Inter Angiol 1985; 4: 341-343. 
6 MILES S, ROEDIGER W, COOKE P, MmNY CJ. Doppler ultrasound in
the diagnosis of the popliteal artery entrapment syndrome. Br J 
Surg 1977; 64: 883-884. 
7 TURNIPSEED WD, POZNIAK M. Popliteal entrapment asa result of 
neurovascular compression by the soleus and plantaris musdes. 
J Vasc Surg 1992; 15: 285-293. 
8 MURRAY A, HALLIDAY M, CROFT RJ. Popliteal artery entrapment 
syndrome. Br ] Surg 1991; 78: 1414-1419. 
9 COLLINS PS, McDONALD PT, LIM RC. Popliteal artery entrapment: 
an evolving syndrome. J Vasc Surg 1989; 10: 484-489. 
10 RIZZO RI, FLINN WR / YAO JS, MCCARTHY WJ, VOGELZANG RL, 
PEARCE WH. Computed tomography for evaluation of arterial 
disease in the popliteal fossa. J Vasc Surg 1990; 11: 112-119. 
11 McGLrtNNES G, DURHAM JD, RUTHERFORD RB, THICKHAM D, KUMPE 
DA. Popliteal artery entrapment: Findings at MR imaging. ] Vasc 
Interv Radiol 1991; 2: 241-245. 
12 IwAi T, KONNO S, SOGA K/ HATANO R~ SATO S, YAMADA TI MENJO 
M. Diagnostic and pathological considerations in the popliteal 
artery entrapment syndrome. J Cardiovasc Surg 1983; 243-249. 
Accepted 27 January 1995 
Cur J Vasc Endovasc Surg Vol 10, October 1995 
